Introduction
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A water footprint (WF) concept quantifies water resource consumption of human 4 beings (Yang and Zehnder, 2007) . The WF of a region is the volume of fresh 5 water consumed during the production of goods and services consumed by the 6 inhabitants in that region (Hoekstra et al., 2011; Hoekstra, 2013) and is a useful 7 guide for virtual water (VW) trade and water management (Allan, 1998 (Allan, , 1999  Wang et al., 2013) . Furthermore, the WF of a product or service is 11 mathematically equal to its VW content, which means the water resources 12 consumed in its production process (Allan, 1998 of an economic sector identifies total water resource consumption in the 15 production process (Hoekstra and Chapagain, 2007) . 16 It is important to assess yearly changes in the WF of a region, identify the key 17 economic sectors and factors leading to the changes, and quantitatively evaluate the 18 contributions of those sectors and factors to the changes so that policy-makers and 19 management can take water-saving actions for the economic sector or factor with the 20 largest contribution; this is called the decomposition analysis of WF changes 21 perspective of a river basin is more reasonable (Chen et analysis of WF changes from the perspective of a river basin is important to water 25 resource management and policy making, especially in a water-limited river basin. 26 The lack of homologous IO data is a barrier to implementing decomposition analysis 27 of WF changes from the perspective of a river basin. Decomposition analysis is based 28 on the IO model, which requires an IO Moreover, the IO data for a river basin cannot be obtained by simply adding the data 3 for administrative regions together because there are economic exchanges between 4 regions, which could be identified diffcultly and may lead to double counting. 5 This study bridges the gap in quantitative knowledge and implements the 6 decomposition analysis of WF changes from the perspective of a river basin. A 7 Generating Regional IO Tables (GRIT) To test its effectiveness, this GRIT-IO-WAD framework is illustrated with the 13 example of the Haihe River Basin (HRB), which is a water-limited river basin in 14 north China. The computation is made for the period 2002 to 2007, when the 15 HRB experienced rapid industrial transformation and economic growth and the 16 official data in this period is the latest available. This study analyzes WF 17 changes in the HRB, and serves as a reference for water resource management 18 and policy-making in this and other water-limited river basins. 22 The HRB is a political, economic and cultural center of China. It is a typical 23 water-limited river basin (see Fig. 1 First, the total output of each sector in the HRB is calculated: Finally, the total consumption of each sector in the HRB could be assessed using Eqs 4 (5) to (8), and all the IO data needed by the IO model is obtained: HRB to national output. g (RMB) is the vector of internal consumption volume, 13 which is the products produced and consumed in the HRB (n×1 dimensional vector), 14 whose element, g i (RMB), is the internal consumption volume of sector i; λ i is the 15 proportion of internal consumption in final consumption from the national IO production. w i is the direct water consumption of sector i (m 3 ).
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The total WF consists of internal and external WFs (Hoekstra and Chapagain, The SDA method is conducted based on start period data and end period data.  t Bm (14) 14 by the government and enterprises (Beijing Government, 2010) . For manufacturing 20 industries, a set of water-saving mechanisms has been built, characterized by water 21 recycling, reuse, and control (Haihe River Water Conservancy Commission, 2011).
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The volume of industrial water use per value added plummeted from 9.8×10 
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The technological effect is the major factor in offsetting the increase in WF and there 12 are still possibilities for further improvement, which deserve more attention of the 13 government and enterprises. The marked contribution of the scale effect to the WF 14 increase is mainly attributable to the expansion of population and per-capita demand, 15 which indicates that basin planners should consider the capacity of water resources in 16 future planning. Importing VW can be a water supplement to mitigate water pressures 17 in the HRB, but controlling the growth of the internal water footprint might be more 18 necessary to sustainability in the long term. 19 The expansion of the EWF shifts the pressure of water demand in the HRB to other these other methods will be near to or better than that of GRIT method, and 8 researchers could choose other methods or combine the GRIT method with them to 9 achieve better accuracy.
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The IO method assumes that imports are produced under the same conditions as EWFs should be assessed from the perspective of the producing area, which 18 requires a VW and IO analysis for those areas, or even building a 19 multi-regional VW statistics system to evaluate the WF of the products in 20 regional trade.
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The GRIT-IO-WAD framework for WF could be implemented in other river basins. 22 Although the computation of this framework for WF is straightforward, it has similar 23 drawbacks to the IO method. The data requirements are enormous because the input 24 and output of each production process and economic activity circulation process have 25 to be accounted for, so the IO table is necessary (Leontief, 1941; Zhao et al., 2010 
